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Magnetic properties and stability of L21 and B2 phases in the Co2MnAl Heusler alloy were
investigated. It was confirmed that the order-disorder transition from the B2 to L21 phase is located
at about 950 K and that the Curie temperature TC of the L21 phase is 726 K which is about 50 K
higher than that TC=677 K of the B2 phase. The difference in TC between the L21 and B2 phases
is smaller than a theoretical prediction. On the other hand, the saturation magnetic moments Ms at
4.2 K for the L21 and B2 phases were estimated to be 4.07B / f.u. and 4.16B / f.u., respectively,
comparable to the value Mt=4 expected from the generalized Slater–Pauling relation. © 2008
American Institute of Physics. DOI: 10.1063/1.2836677
Half-metallic ferromagnets HMFs,1 those were pre-
dicted to exhibit 100% spin polarization at the Fermi energy
EF, have been now intensively investigated in the field of
spintronics.2,3 Several kinds of Co-based Heusler alloys with
full-Heusler L21-type structure have been reported from the
theoretical investigations to be HMFs or exhibit high spin
polarization.4–7 In the applicable viewpoints, it is required
that the ferromagnetic materials used as an electrode of mag-
netic tunnel junctions MTJs for tunneling magnetoresis-
tance TMR have high Curie temperature TC as well as the
high spin polarization. It has been reported that the TMR
ratio of the MTJs decays more quickly than the temperature
dependence of the magnetization.8,9 Therefore, Co-based
Heusler alloys those have high TC are more favorable than
the other HMFs, for example, half-Heusler C1b-type alloys
or La1−xSrxMnO3-system compounds.
7 Actually, it has
been reported that the MTJs using Co-based Heusler
alloys such as Co2MnAl, Co2MnSi, Co2Cr1−xFexAl, and
Co2FeAl1−xSix display large TMR ratios even at room
temperature.8–13 Especially, large value of TMR for an
alumina-barrier-based structure has been reported in the
MTJs with the Co2MnAl and Co2MnSi alloys,
9–11 where the
ferromagnetic electrode layer formed in fabrication of the
MTJs has a B2-type structure in the former alloy and a
L21-type structure in the latter alloy, respectively. Here, the
L21-type structure is one of the highly ordered structures
based on the B2-type structure.
It has been pointed out from theoretical calculations for
the Co2MnAl alloy that the spin polarization of the B2 phase
is comparable to that of the L21 phase.
9,10 On the other hand,
it has been reported by theoretical works for Co2Cr,FeAl,
14
Co2Cr,FeGa,
15,16 and Co2MnAl,Si Ref. 17 alloys that
TC is influenced by atomic long-range ordering and the TC of
the B2 phase increases by the ordering to the L21 phase.
However, no experimental evidence confirming a difference
in TC between the L21 and B2 phases in the Co-based Heu-
sler alloys has been reported, regardless of the fact that the
value of TC is very important for applications. In the present
study, it is first shown that the L21 and B2 phases in the
Co2MnAl alloy can independently be obtained by quenching
from appropriate temperatures, magnetic properties includ-
ing TC temperature for both the phases are reported.
Alloys were obtained by induction melting under an ar-
gon atmosphere. The specimens were annealed at 1473 K for
3 days and additionally annealed at 1073 K for 3 days or at
873 K for 7 days. It was confirmed with an electron probe
microanalyzer that chemical compositions of the obtained
alloy are Co: 50.2, Mn: 25.2, and Al: 24.6 at. % near the
stoichiometric compositions. Differential scanning calori-
metric DSC measurements were carried out. The crystal
structure of the specimen was identified by electron diffrac-
tion and x-ray powder diffraction XRD. The magnetic mea-
surements were performed with a superconducting quantum
interference devices magnetometer and a vibrating sample
magnetometer.
Figure 1 shows DSC heating curves of specimens an-
nealed at 1073 K for 3 days and annealed at 873 K for
7 days for the Co2MnAl alloy. For the specimen annealed at
1073 K for 3 days, DSC heating curves on different heating
rates of 10, 5, and 2 K /min were presented. Two kinds of
endothermic peaks are observed for both the specimens,
while the peak intensities decrease with decreasing heating
rate for that quenched from 1073 K. According to Webster,18
the Co2MnAl alloy annealed at 993 K exhibits TC at 693 K.
This suggests that the peak appearing at lower temperature
corresponds to TC. It is very interesting to note here that the
peak temperature for the specimen annealed at 873 K is
about 50 K higher than that annealed at 1073 K. This issue
will be discussed below. The other endothermic peak ob-
served at around 950 K is expected to correspond to the
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order-disorder phase transition. In order to clarify origin of
this peak, transmission electron microscopy TEM observa-
tion was performed using two kinds of specimens quenched
from 1073 and 873 K.
Selected area diffraction SAD patterns tilted to the
011̄B2 or L21 matrix zone axis taken from the specimens an-
nealed at 1073 K for 3 days a and at 873 K for 7 days b
are shown in Figs. 2a and 2b, respectively. Here, it was
confirmed by TEM observation that both the specimens have
a single-phase structure. In the SAD pattern of a, except
fundamental reflections from bcc structure, only 100B2 are
observed and the pattern can be indexed as the B2 phase. On
the contrary, that of b is indexed as the L21 phase because
of the existence of the 111L21 superlattice reflections be-
sides the 200L21 corresponding to the 100B2. Conse-
quently, it can be concluded that the specimens quenched
from 1073 and 873 K have the B2- and L21-type structures
at room temperature, respectively, and that the endothermic
peak located at around 950 K is due to the order-disorder
phase transition from the B2 to L21 phase. In the XRD pat-
terns for Co2MnAl alloy annealed at 873 K, however, 111
peak associated to the L21-type structure was hardly ob-
served. This result suggests that the L21 phase obtained by
annealing at 873 K may not have a high degree of order.
Lattice constants at room temperature for the B2 and L21
phases are almost the same in each other and the value is
0.5755 nm in accordance with that of the previous report.18
From the TEM examination, it is deduced that the dif-
ference in the peak temperature between the specimens
quenched from 1073 and 873 K detected in the DSC curves
of Fig. 1 is brought about by the difference between the B2
and L21 phases. Figures 3a and 3b show thermomagneti-
zation curves measured under magnetic field of 5 kOe for the
specimens quenched from 1073 and 873 K with the B2 a
and L21 b phases, respectively, where heating and cooling
rates in the measurement were 2 K /min. The TC determined
in the heating process for the B2 and L21 phases are 677 and
726 K, respectively, and the TC for the L21 phase is about
50 K higher than that for the B2 phase. These results are
comparable to those obtained by the DSC curves, as shown
in Fig. 1. In Fig. 3a, there exists a thermal hysteresis in the
thermomagnetization curve between the heating and cooling
processes, while in Fig. 3b, the thermomagnetization
curves are perfectly overlapped. Furthermore, the magnetiza-
tion curve in cooling process for the 1073 K specimen
shown in Fig. 3a almost coincides with that for the 873 K
one in Fig. 3b. This can be explained by ordering from the
B2 to L21 occurs during heating. Because the scanning rate
2 K /min for the present magnetic measurement is rela-
tively slow, there is a possibility that the degree of order of
the B2 phase increases by atomic diffusion during heating in
the temperature region below the TC. If the atomic diffusion
has occurred below TC, in the heating DSC curves an exo-
thermic peak may appear below the TC and the peak tem-
perature of the TC may change with heating rate. As shown
in the curves of the 1073 K specimen in Fig. 1, no exother-
FIG. 1. DSC heating curves of specimens annealed at 1073 K for 3 days
and annealed at 873 K for 7 days for Co2MnAl alloy. For the specimen
annealed at 1073 K for 3 days, three heating curves measured with different
heating rates of 10, 5, and 2 K /min were indicated.
FIG. 2. Selected area diffraction SAD patterns taken from 011̄B2 or L21
matrix zone axis for the Co2MnAl specimens annealed at 1073 K for 3 days
a and at 873 K for 7 days b.
FIG. 3. Thermomagnetization curves measured under magnetic field of
5 kOe for the Co2MnAl specimens annealed at 1073 K for 3 days a and at
873 K for 7 days b. The heating and cooling rates were 2 K /min.
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mic peak is detected below the TC, and the TC shows no
apparent change with changing heating rate. From these re-
sults, it can be said that no apparent atomic diffusion occurs
in the temperature region below the TC and that the TC de-
termined in the heating process for the 1073 K specimen in
Fig. 3a is intrinsically of the B2 phase. Consequently, the
present results imply that the TC of the Co2MnAl alloy de-
pends on the atomic configuration between the B2- and




Co2MnAl,Si Ref. 17 Heulser alloys.
Magnetization curves measured at 4.2 K for the
Co2MnAl alloys of B2 phase annealed at 1073 K for
3 days and L21 phase annealed at 873 K for 7 days are
indicated in Fig. 4. The saturation magnetic moment Ms ob-
tained by the fitting with using the law of approach to Ms is
evaluated to be about 4.16 and 4.07B / f.u. for the B2 and
L21 phases, respectively. The phase state, room temperature
lattice constant a, the Curie temperature TC, and the satura-
tion magnetic moment Ms for the each specimen are listed in
Table I. The values of Ms are often discussed with the ex-
pected magnetic moment given by the Slater–Pauling behav-
ior, which is expressed as Mt=Zt−24 and applied in the full-
Heusler-type alloys.5 Here, Mt and Zt represent the total spin
magnetic moment per formula unit and the total number of
valence electrons, respectively. In the case of Co2MnAl al-
loy, the value of Zt is 28, thus, that of the Mt becomes 4. The
experimental values of Ms for both phases are accordance
with the given values by the Slater–Pauling behavior. The
total spin magnetic moment calculated by the linear muffin-
tin orbital atomic sphere approximation method is about 4.10
for L21 phase in the Co2MnAl alloy,
6 also being in good
agreement with the present experimental values.
It has been reported from the theoretical calculations of
TC which is estimated by the effective exchange constant J0
based on the molecular field approximation scheme that the
TC or J0 of the L21-type phase in the Co2MnAl is about
250 K higher than that of the B2 phase.17 The TC of highly
ordered L21-type phase in Co2MnAl alloy would be higher
than the present results of 726 K.
In summary, magnetic properties and stability of L21 and
B2 phases in the Co2MnAl Heusler alloy were investigated.
It was shown that the order-disorder phase transition from
the B2 to L21 phase is located at about 950 K and that the
values of TC and Ms are 726 K and 4.07B / f.u. for the L21
phase and are 677 K and 4.16B / f.u. for the B2 phase, re-
spectively. The difference in TC between both the phases
obtained by the magnetic measurements is smaller than the
theoretical results.17 This difference would be explained from
the relatively low degree of long-range order of the L21
phase in the present Co2MnAl alloy.
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FIG. 4. Magnetization curves measured at 4.2 K for the B2 and L21 phases
obtained by annealing at 1073 K for 3 days and at 873 K for 7 days,
respectively.
TABLE I. The phase state, room temperature lattice constant a, the Curie
temperature TC, and the saturation magnetic moment Ms for the specimens




a nm TC K Ms B / f.u.
1073 B2 2aB2=0.5756 677 4.16
873 L21 0.5755 726 4.07
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